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FBATORES  AMD  MECHANISMS  OF  THE  COBBOSION  OF  STEELS  WITH  BOILING  AMD 
CONDENSATION  OF  N20« 

A.  H.  Sukhotin,  N.  7a.  Lantratova,  S.  A.  Laterner,  v.  A.  Natushkin, 
R.  Te.  Polyak ova #  and  G.  A.  Sergeyeva 


As  already  noted  [1-5]  a  large  nuaber  of  stainless  steels  have 
high  corrosion  resistance  in  coolant  in  the  range  of 

temperatures  350-700°C,  under  noth  static  and  flow  conditions.  The 
surfaces  of  these  aaterials  are#  upon  contact  with  nitric  oxides, 
coated  with  dense  oxide  filas,  and  a  slight  increase  in  weight  is 
observed. 

At  100°C  under  static  conditions  corrosion  of  stainless  steels 
occurs  with  a  weight  loss,  froa  0.003  to  0.0005  g/a*»h. 

However,  under  flow  conditions  in  the  boiling  and  condensation 
region  there  is  observed  a  10-fold  increase  in  the  rate  of  corrosion 
of  stainless  steels.  Table  1  gives  the  results  of  tests  with 
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specimens  of  steels  foe  corrosion  in  the  boiling  and  condensation 
region. 

As  seen  in  Table  1,  the  corrosion  of  steel  Kh18MlOT  in  the 
region  of  boiling  occurs  with  a  weight  loss  that  varies  within  the 
linits  - (0.03-0. 045)  g/m*«h.  In  the  condensation  region  the  values  of 
the  corrosion  rate  are  lower,  -(0.005-0.02)  g/m*wh. 

Figure  1  shows  the  corrosion  rate  of  steels  Kh18N10T  and  El 847 
vs  tewperature  distribution  over  the  installation. 

The  tests  were  conducted  on  an  installation  for  studying  the 
corrosion  stability  of  naterials  in  a  flow  of  nitrogen  tetroxide,  to 
soae  extent  simulating  the  operation  of  an  AES  [nuclear  power  plant] 
circuit. 


The  temperature  distribution  over  the  installation  corresponds 
approximately  to  that  of  the  working  circuit  of  an  AES. 


Along  the  ordinate  in  Fig.  1  is  plotted  the  corrosion  rate, 
g/m**h,  and  along  the  abscissa  -  the  temperature  with  functioning  of 
the  installation.  As  can  be  seen  from  the  figure,  maximum  corrosion 
occurs  in  thm  boiling  zone;  in  this  temperature  region  (100-130°C)  a 
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to  approximately  200®C  the  weight  loss  is  replaced  by  a  significant 
increase  in  weight. 

In  the  350-500®C  teaperature  range  the  rate  of  corrosion  of 
stainless  steels  is  insignificant*  and  increases  anew  only  in  the 
condensation  region.  In  the  boiling  zone  there  is  observed  a 
significant  difference  in  corroseion  stability  of  steels  Kh18lM0T  and 
El  847 . 


The  corrosion  rate  of  steel  Kh18R10T  is  0.045  g/a2*h,  while  that 
of  steel  EI847  is  (0. 4-0.6)  g/a2«h,  which  is  greater  by  at  least  a 
factor  of  10.  In  the  condensation  region  this  difference  is  less, 
while  in  the  high-teaperature  region  the  corrosion  rates  of  both 
steels  are  approximately  the  saae. 

The  assumption  was  aade  that  the  reason  for  the  increased 
corrosion  rate  in  the  boiling  and  condensation  region  is  the  local 
increase  in  nitric-acid  content.  Since  nitric  acid  is  the  least 
volatile  component  of  the  mixture,  in  the  boiling  and  condensation 
region  its  content  in  the  liguid  pnase  can  be  noticeably  higher  that 
in  the  initial  nitrogen  tetroxide. 

To  check  the  validity  of  this  assumption  we  conducted  a  series 


of  experiaents  on  the  stedy  of  the  corrosion  of  materials  under 


DOC  *  1907 


PAG£  4 


static  conditions  in  nitrogen  tetroxide  containing  varying  quantities 
of  water  or  HHOs  at  130-170°C  and  a  pressure  of  40-80  ata. 

As  can  be  seen  froa  Table  2,  with  an  increase  in  water  content 
in  N204  the  corrosion  rata  of  steel  Kh18!(10T  at  150°C  increases, 
whereas  at  20  and  50°C  the  addition  of  such  quantities  of  water  led 
to  a  significant  decrease  in  the  corrosion  rate.  This  confiras  the 
correctness  of  our  assumption. 

Since  the  absolute  values  of  the  corrosion  rate  of  steel 
Khl8W10T  in  N204  containing  0.7®/o  H20  are  close  to  the  corrosion 
rate  of  this  steel  in  the  boiling  region  under  flow  conditions,  it 
was  possible  to  consider  that  to  some  extent  we  were  able,  under 
static  conditions,  to  reproduce  the  conditions  occurring  in  the 
working  circuit  during  boiling. 

Figure  2  gives  the  comparative  characteristics  of  the  corrosion 
resistance  of  various  brands  of  steels  under  static  conditions  at 
150°C,  50  ata (tech)  in  N204  containing  0.7  wt.®/0  HzO.  Similar  data 
are  given  in  Fig.  3  for  the  boiling  region  under  Nz04  flow 
conditions. 

As  can  be  seen,  steels  £1454  and  EI696H  containing  up  to  3®/0  Ti 
have  soaewhat  better  corrosion  resistance  as  compared  with  steel 
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Xh 18M10T. 

Steel  BI612  containing  aore  Hi  has  lower  resistance.  Steels 
containing  Ho,  Ni,  and  nn  have  even  lower  resistance. 

Thus,  under  conditions  of  boiling  and  condensation,  unlike  in 
the  high-temperature  region,  the  corrosion  resistance  of  steel  is  a 
function  of  its  composition.  Even  snail  quantities  of  elements 
unstable  in  M204  significantly  lower  the  corrosion  resistance  of 
materials. 

Increased  corrosion  of  stainless  steels  can  also  be  observed  in 
those  parts  of  the  installation  where  there  is  possible,  as  a  result 
of  periodic  shutdowns,  condensation  of  the  coolant  and  its  subsequent 
evaporation  during  heating.  When  conducting  corrosion  tests  under 
static  conditions  we  observed  increased  corrosion  in  the  narrow  gap 
of  the  upper  part  of  the  thermocouple  recess  and  in  the  lower  feed 
pipe.  The  rate  of  corrosion  reached  from  1  to  3.5  mm/year. 

The  temperature  region  of  18Q-350°C  is  interesting.  Under  static 
conditions  at  350°C  a  slight  weight  gain  is  observed.  Under  coolant 
flow  conditions,  however,  this  weight  gain  reaches  a  significant 
magnitude.  The  surfaces  of  the  specimens  are  coated  with  dark,  dense, 
sometimes  slightly  rough,  films.  After  removal  of  the  films  the 
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change  in  weight  of  the  specimens  was  insignificant.  The  corrosion 
rate  in  this  region,  calculated  froa  the  weight  loss,  is  shown  in 
Fig.  1,  curve  2. 

Thus  the  weight  gain  in  this  case  is  caused  primarily  by 
deposition,  on  the  surfaces  of  the  steel,  of  corrosion  products 
entrained  by  the  flow  of  coolant  froa  the  boiling  region.  Such  a 
picture  is  observed  only  for  this  teaperature  region. 

He  observed  an  analogous  picture  on  one  of  the  sections  of  the 
testing  unit.  When  studying  the  corrosion  resistance  of  materials  in 
a  flow,  we  cut  from  the  stand  a  section  of  pipe  which  was  critically 
analyzed  at  300-350°C  for  4000  h  and  subjected  to  jet  impact. 

When  studying  the  aicrostr uct ure  we  found  that  on  the  wall  of 
the  pipe  subjected  to  jet  iapact  there  was  a  thick  film  whose 
thickness  gradually  decreased.  In  addition,  there  was  erosion 
destruction  of  the  metal.  The  opposite  wall  of  the  pipe  remained 
visibly  unchanged. 

To  trace  the  distribution  of  the  deposits,  small  glass  tubes 
were  placed  together  with  aetal  specimens  in  various  parts  of  the 
installation  for  corrosion  testing  in  N204  flow.  On  these  tubes  in 
the  temperature  range  of  50-1J0°C  we  observed  a  slight  oily  deposit; 
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in  the  temperature  region  o£  iOO-JOO°C,  however,  a  thick  dark  file 
foraed.  The  glass  tubes  in  the  4QQ-500°C  region  remained  clean. 

Studies  conducted  by  us  previously  showed  that  coaplex  salts 
fora  during  the  corrosion  of  stainless  steel  in  liquid  N2o4.  These 
salts,  getting  into  the  hign-teaperat ure  region  and  being  thermally 
unstable,  are  converted  into  oxides  which  apparently  are  deposited  on 
the  aetal  in  the  form  of  coaparati vely  dense  thick  films. 

This  process  can  be  facilitated  by  the  fact  that  one  of  the 
basic  products  of  the  corrosion  of  steels,  viz.,  nitrosoniua 
tetranitroferrate,  is  volatile. 

Leningrad  Institute  of  Applied  Cheaistry 

Received  10  January  1973 
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Table  1.  Corrosion  resistance  of  structural  aaterials  under 
conditions  of  N204  coolant  flow  (V  =  10-30  a/s;  P  =  20-25  ata (tech) ; 
r  *  360  h)  . 


^  TeMriepaTypa, 

C 
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-0,001 
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Kiirioimc  i 
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0,017 

0,011 

550 

0,000 

—0,001 

100 

-  0,020 

—0,045 

KOU.WIICaUMH  7 

130—150 

-  0,040 

-0,60 

Kiincniic  4 
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0,040 

-0,030 

300—340 

0.030 
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0,001 

■  0.001 
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-0,005 
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245 

0,021 

0,028  1 

120  100 

0,001 

-0,008  1 

100 
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-0,017  I 

KiHuoncaumi  7 

Key:  1  -  Tenperature,  °C;  2  -  Corrosion  rate,  g/a2*h;  3  -  Reaarks;  4 
-  Kh 1 8H1 0T ;  5  -  EI847;  6  -  boiling;  7  -  condensation. 
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Table  2.  Corrosion  rate  or  steel  Kh18N10T  vs  H20  and  HN03  content  in 
N204  (t  =  360  h)  . 


Key:  1  -  Content  of  impurities  in  H204,  *t.o/„;  2  -  Temperature,  °C; 
3  -  Pressure,  atm(tech);  4  -  Corrosion  rate,  g/m2»h;  5  -  liquid 
phase;  6  -  gaseous  phase;  7  -  Starting. 


t  z/m1.  vac 
0,04  - 
0,02  - 
0  - 
-0,02  - 
-0.04  - 
0,06 
-0,08  - 
-0.10  - 


Pig.  1.  Corrosion  rate  of  steels  KhlStflOT  and  B1847  in  various 
temperature  regions  of  the  installation:  solid  lines  -  Kh18NlOT; 
dashed  lines  -  EI847. 

Key:  1  -  g/m**h. 
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Fig.  2.  Corrosion  rate  of  structural  saterials  in  ti2o4  eith  additions 
of  Hj.0  or  HN03  under  static  conditions  (t  =  150  *  10°C,  r  =  360  h)  :  a 
-  liquid  phase,  b  -  gaseous  phase;  1  -  Uz04  ♦  0.7  wt.o/0  H20;  2  - 
N204  ♦  5°/0  HN03. 


Key:  1  -  g/«2*h. 


Fig.  3.  Corrosion  resistance  of  structural  aaterials  in  flow  of  n2o4 
in  the  boiling  region  (V  =  10-30  a/s,  P  =  20-25  ata  (tech) ,  r  =  360 
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